in 50%-70% of irradiated embryos. To minimize the impact of dechorionation as an additional stress, most Since early Drosophila embryos are highly sensitive to UV irradiation (Nothiger and Strub, 1972), we investiof our experiments were done using embryos with an intact chorion irradiated at 50 mJ/cm 2 UV-B or UV-C, gated the effects of UV on apoptosis, reaper and hac-1 (dapaf-1/dark) expression. To our surprise, we found unless otherwise stated. It has been reported that the egg shell blocks about 80% of UV energy (Kalthoff, 1971) . that UVC induced hac-1 expression in embryos prior to the formation of cellular blastoderm ( Figures 1B and  1D ). In contrast, no expression of reaper could be deThe UV Response Changes during Embryogenesis To examine the effect of embryonic age on UV-induced tected on the exposed side at this stage. The significance of the induction of hac-1 expression on the UVCapoptosis, we irradiated embryos at different developmental stages with UVC or UVB and examined the exirradiated side of the embryo was confirmed using three different approaches. First, the increase of hac-1 mRNA pression of reaper, hac-1, and TUNEL ( Figure 1H ). In early embryonic stages, prior to the onset of gastrulation was detected via in situ hybridization. Second, we also saw an increase of Hac-1 protein using a polyclonal antibody (0-3 hr after fertilization), both UVC and UVB irradiation induced hac-1 expression and TUNEL, but not reaper raised against a peptide correspond to the N-terminal 14 amino acids (data not shown). Third, we assessed the ( Figures 1A-1C) . However, slightly older embryos (5-10 hr) displayed a strikingly different response (Figures 1E-expression of the lacZ gene, using an anti-␤-Gal monoclonal antibody, in embryos that carry an enhancer trap 1G). By stage 9-10, the response of hac-1 was completely lost, but UVC was still able to induce TUNEL. P insertion in the promoter region of hac-1 ( Figure 1D ). All of the three approaches indicated that hac-1 is speInterestingly, as the hac-1 response was attenuated, reaper transcription became inducible by UVC, but not cifically induced on the irradiated side of the embryo. The shielded side of the embryo did not have elevated UVB irradiation. In late embryos (12 hr after fertilization and later), neither hac-1 nor reaper could be induced level of hac-1 expression. Since the ooplasm is quite opaque to UV light (Togashi and Okada 1983), very little by the same dosage of UVC (or UVB), and these embryos were also resistant to the induction of apoptosis under UV light is expected to reach the shaded side.
Coincident with hac-1 induction, we observed the inthese conditions ( Figure 2H ). Furthermore, even much higher UV doses (500 mJ/cm 2 ) failed to induce detectduction of apoptotic markers upon UV irradiation. In blastoderm embryos, hac-1 induction by UV was detectable level of TUNEL-positive cells and reaper/hac-1 expression at this stage (data not shown). Therefore, the able as early as 15 min after irradiation. Large amounts an "open wound" remained at the irradiated side ( Figure  2D ). These observations indicate a strict requirement for hac-1 during UV-induced apoptosis in early Drosophila embryos. Furthermore, it appears that apoptosis of damaged nuclei is necessary for their removal and to "repair" early embryonic damage.
We identified an E2F consensus binding site within the core promoter region of hac-1, between the TATAbox and the P element insertion ( Figure 2G ). Since E2F binding site within core promoter regions are often important for gene expression, we tested whether e2f function is required for UV-induced hac-1 expression. Since e2f function is maternally contributed to the Drosophila embryo, we sought to generate embryos derived from mutant mothers. Figure 3) . On the it behaves as a complete loss-of-function allele for the other hand, the normal developmental profile of reaper embryonic UV response. In embryos homozygous for expression and apoptosis was not affected in mei-41 this allele, hac-1 was no longer induced by our standard mutant embryos. We conclude that mei-41 mediates dose (50 mJ/cm 2 ) of UV irradiation ( Figure 2C ). Morea distinct apoptotic pathway in response to UVC that over, hac-1 Ϫ/Ϫ embryos derived from homozygous muinvolves reaper but not hac-1. tant parents were completely protected against apoptosis under these conditions TUNEL ( Figure 2D) . In response to UV, wild-type Drosophila embryos under-
The Primary Target for UV-Induced hac-1 Expression Appears to Be Cytoplasmic went a striking morphological response that involved involution of TUNEL-positive nuclei into the embryonic The fact that UV-induced hac-1 expression does not require mei-41 function led us to further investigate yolk ( Figure 2B) . Eventually, the irradiated side was covered by cells that apparently migrated in from the whether hac-1 induction is mediated by nuclear DNA damage. For this purpose, we utilized a developmental shielded side. After involution of the damaged nuclei, TUNEL labeling gradually disappeared, presumably as feature of the Drosophila embryo. At the beginning of embryogenesis, the fusion of the sperm and egg nuclei the consequence of nuclear degradation. In hac-1 Ϫ/Ϫ embryos, no involution of nuclei was observed. Rather, occurs roughly in the middle of the embryo, and the ( Figure 4B ). These nuclei also became TUNEL positive ( Figure 4C ). These observations suggest that the primary target for UV is cytoplasmic and not direct nuclear DNA damage. It appears that this cytoplasmic "signal" persists until nuclei reach the irradiated zone. Significantly, this ability to "sense" and "transduce" UV irradiation to activate hac-1 transcription is a special feature of the early Drosophila embryo, since this response was lost within 4-5 hr after fertilization. questions about their relative contribution and possible embryo. Furthermore, the subsequent apoptosis and elimination of these nuclei dependent on hac-1 function, coordination. In the past, most of the relevant mechanistic studies were performed on specific cell lines grown demonstrated that the Drosophila Apaf-1 homolog is required for this process. In hac-1 mutant embryos, irrain tissue culture. In this study, we investigated the UV response of cells in the intact Drosophila embryo. Surdiated embryos retained an "open wound" and eventually degenerated. We conclude that hac-1-mediated prisingly, we found that different pathways were used at different developmental stages to mediate UV-induced apoptosis is important to remove damaged cells, thereby providing the embryo with developmental plascell death. Therefore, it appears that cells can rapidly and dramatically change pathways that mediate radiaticity to respond to and repair damage. 
Discussion

UV-induced ("sunburn") cell damage was observed many decades ago. It is clear now that "sunburn" is the result of keratinocytes undergoing apoptosis (Kulms
